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The combustion ofhigh fluoride-content coal as an energy resource for heating, cooking, and
fooddryingisamajorexhaustemission sourceofsuspendedparticlate matterandfluoride. High
concentamtions ofthese pollutants have been observed in indoor air ofcoal-burning fmilies in
some rural areas in China. Because airborne fluoride has serioustoxicological properties, fluoride
pollution in indoorairandtheprevalenceoffluorosishavebeenanalyze in afluorosis areaanda
healthy nonfluorosis area in China and in a rural area in Japan. For human health, fluoride in
indoor air has not only been directly inhaled by residents but also has been absorbed in stored
food such as com, chilies, and potatoes. In the fluorosis area in China, concentrations ofurinary
fluoride in the residents have been muchhigher than in thenonfluorosis area in China and in the
rural area inJapan. In the fluorosis area, almost all elementary and junior high school students
10-15 years ofage had dental fluorosis. Osteosderosis in the skeletal fluorosis patients wasvery
serious. Urinarydeaypyridinoline in rual residents inChinawas muchhigherthan inruralresi-
dents inJapan. Data suggest that bone resorption was extremely stimulated in the residents in
Chinaand that fluoride maystmulateboth bone resorption and boneformation. Becamuseindoor
fluoride fromcombuston ofcoal iseasilyabsorbed in storedfood andbecause foodconsumption
isamain sourceoffluoride exposure, itisnecessarytoreduceairbornefluorideandfoodcontami-
nation to prevent serious fluorosis in China. Key work air pollution, bone formation, bone
resorption, coal buming, dental fluorosis, fluoride, indoor pollution, skeletal fluorosis. Entiron
HealthPerspt106:239-244 (1998). [Online27March 1998]
http://ehpnetl.niehs.nih.gov/docs/1998106p239-244ando/abstrat.html
Many combustion processes, automobile
exhaust, and industrial exhaust are major
sources of airborne pollutants (1-4). The
combustion of coal is one of the major
sources ofindoor and outdoor airpollutants
in the world (5,6).
Combustion exhaust contains gaseous
pollutants and airborne particles, which
consist of numerous chemical components
(7-9). Many ofthese chemicals have poten-
tial toxicological significance (10-12).
Therefore, it is necessary to quantify the
human health risks associated with exposure
to these pollutants such as suspended partic-
ulate matter (SPM) and airborne chemicals.
In China, coal, coal gas, and natural gas
are used as domestic fuel energy sources.
Combustion emissions, such as SPM and
gaseous pollutants, are significantly differ-
ent for the three kinds offuels. The highest
concentrations of SPM and gaseous pollu-
tants have been observed in indoor air of
coal-burning households (13).
In China, there are some environmen-
tally caused diseases such as endemic fluoro-
sis, Keshan disease (selenium deficiency),
arsenic poisoning, and endemic goiter
(iodine deficiency). Among them, airborne
fluorosis and waterborne fluorosis are the
most serious pollution-caused diseases.
Both coal and the surrounding soil layer
have high fluoride contents in some rural
areas in China. Because high fluoride-con-
tent coal and soil mixture is used as a main
fuel energy source, fluoride concentrations
are significantly higher in fuel combustion
exhaust emissions. As a result, high con-
centrations of fluoride have been detected
in indoor air ofcoal burning families (14).
In some areas of the world, including
the United States, water fluoridation has
been used as an effective and inexpensive
method for preventing dental caries (15).
On the other hand, exposure to excess flu-
oride has caused dental and skeletal fluoro-
sis in some areas of the world (16). In
China, 43 million dental fluorosis cases
and 2,370,000 skeletal fluorosis cases may
have occurred because ofexposure to fluo-
ride emissions from high fluoride-content
coal and from drinking contaminated
water (17). Therefore, it is necessary to
evaluate the risk ofenvironmental fluoride
exposure on human health in a well-
designed andwell-executed study.
Fluoride in indoor air is directly
inhaled by residents, and airborne fluoride
can easily be absorbed in stored food.
Therefore, total exposure such as inhala-
tion and ingestion of fluoride must be
determined. Because high concentrations
of airborne fluoride and a high prevalence
of fluorosis have been observed in some
rural areas in China, the potential exposure
to fluoride has been a matter ofgreat con-
cern in China. In the present study, changes
in the concentrations of SPM and fluoride
in indoor/outdoor air and fluoride contami-
nation in stored food were measured in
rural areas in China.
Many reports have confirmed that fluo-
ride stimulates bone formation (18-20). On
the other hand, almost no confirmed or reli-
able relationships have been observed
between fluoride exposure and the preva-
lence ofbone fractures (21-25). It is general-
ly accepted that the hydroxyapatite structure
is a prototype for the structure ofbone min-
eral, and fluoride ions substitute for the
hydroxy ions giving rise to partiallyfluoridat-
ed hydroxyapatite or fluoroapatite. Bone also
contains calcium ions and phosphate ions in
the apatite lattice of mineral crystals (26).
Therefore, it is necessary to survey bone for-
mation and bone resorption as a result of
absorption offluoride, aswell as urinarycon-
tents offluoride, calcium, andphosphate.
In this study, the prevalence of dental
fluorosis andskeletal fluorosis were examined
in a fluorosis area and a nonfluorosis area in
China. To determine the total exposure of
fluoride, urinary fluoride in residents was
determined in the fluorosis and nonfluorosis
areas in China and in a rural area in Japan.
Urinary deoxypyridinoline, a significant bio-
chemical marker ofbone resorption (27-259),
urinary calcium, and phosphate were ana-
lyzed in the residents ofthe studied areas.
Materials and Methods
Sampling methods. To study changes in the
concentrations of suspended particles in
indoor/outdoor air, portable samplers were
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used. The sampler was placed at a 1-m
height in a kitchen-dining room near the
indoor stove. The sampler could separately
collect particles that had aerodynamic diam-
eters of>0 pm, 2-10 pm, and <2 pm (4).
Lowvolume samplers were also used to col-
lect gaseous and particulate fluoride in
indoor/outdoor air (14). To measure the
instantaneous variation ofsuspended parti-
des, portable digital dust monitors (PCD-1;
Shibata Scientific Technology Ltd., Tokyo,
Japan) werealso used.
Study site. The studied areas were in
Pengsui County, Sichuan Province (fluoro-
sis area) and Zhaoxian County, Jiangxie
Province (nonfluorosis area) in the south-
ern part of China and in a rural area in
Nagaiio Prefecture, Japan. The population
included 2,984 males and 3,516 females
for Pengsui County and 1,027 males and
1,055 females for Zhaoxian County. The
main occupation ofthe residents was agri-
cultural work, and their fuel energy source
was coal. Measurements ofSPM and fluo-
ride pollution were carried out in farm-
houses during the winter season of 1995
and 1996. Total intake offluoride was cal-
culated in farmfmilies in the fluorosis and
nonfluorosis areas inChina.
Heatbhsurveilance. In Pengsui County,
213 students 10-15yearsofagewereexam-
ined for dental fluorosis and dental caries.
In Zhaoxian County, 210 control students
10-15 years of age were also examined.
Dental fluorosis is characterized by the
macroscopic degree ofdental fluorosis in
relation to the histological abnormalities.
Thediagnostic dassification categories are 0
(normal), 1 (verymild), 2 (mild), 3 (moder-
ate), and4 (severe) (15,16) .
Thegeneral population healthsurveys of
the residents were carried out in the dinics.
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The prevalence of skeletal fluorosis was
42.10% for Pengsui County (fluorosis area)
and 0% for Zhaoxian County (nonfluorosis
area). In Pengsui County, 49 skeetal fluoro-
sis patients 40-59 years ofage were exam-
ined radiologically using an X-ray analyzer.
The diagnostic categories of osteosderosis
areclassified byan increase in thedensity of
various bones, especially the vertebrae, the
pelvis, the forearm, and the lower limb. In
Zhaoxian County, 55 normal control resi-
dents 40-59 years of age were examined
radiologically on the density offorearm
boneandlowerlimbbone.
In Pengsui County, urine was collected
between 900 and 1000 hr from 213 stu-
dents, 49 skeletal fluorosis patients, and 30
residents 30-59 years ofage. Urine was
also collected in Zhaoxian County from
210 control students and 76 residents
30-59 years ofage. To determine the total
exposure offluoride, urinaryfluoride ofthe
residents was determined in the fluorosis
and nonfluorosis areas in China and in the
rural area inJapan. Urinarydeoxypyridino-
line, calcium, and inorganic phosphate
were analyzed in residents in the studied
areas and in 74 healthy 30-59-year-old
rural residents in Japan. Kidney function
and respiratory function of students and
residentswerecheckedclinically.
Analy method.Thefilter (19 and35
nunT60A20; PailfexProductsCorporation,
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Figure 1. The day-nightvariations of concentrations of (A)total suspended par-
ticulate matter (SPM; aerodynamic diameter <10 pm); (B) course particles (2.0
pm<aerodynamic diameter<10 pm); and (C)fine particles (aerodynamic diameter
<2.0pm).Abbreviations: ID, indoorairinfivefarmhouses; B, used a stovewithout
a chimney;A,C,D, and E, used stoveswith chimneys; OD, outdoor environment F,
school; G, lodging.
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Pumnam, CT) was washed completely with
distilled water and the purest grade acetone
to decrease background contamination and
dried for 24 hr at 20°C and 50% relative
humidity before use. At the end of each
measurement, the filter ofthe sampler was
removed, dried for 24 hr at 20°C and 50%
relative humidity, weighed, and analyzed as
follows.
Standard reference material [SRM-
2671a; National Institute ofStandards and
Technology (NIST), Gaithersburg, MD]
was used as an analytical standard for uri-
nary fluoride ofresidents. Extracted fluo-
ride in air and urinary fluoride were ana-
lyzed using a fluoride electrode (9609 BN,
Model 720A; Orion Research Inc., Boston,
MA). Fluoride in food was extracted by
0.25 M hydrochloric acid using an ultra-
sonicgenerator, trapped bymicrodiffusion,
andanalyzedusingafluoride electrode.
Urinary deoxypyridinoline, a significant
biochemical marker ofbone resorption, was
analyzed using an enzyme-linked immuno-
solventassay(ELISA) according to the man-
ufacturer's instructions (Metra Biosystems
Inc., Mountain View, CA). Urinary creati-
nine, calcium, inorganic phosphate, sodium,
potassium, chloride, urea nitrogen, and uric
acid were determined using an automatic
analyzer system (Hitachi 7250, Hitachi
CompanyLtd., Hitachi,Japan) accordingto
themanuficturer's instructions.
AIID) B(ID) C(ID) D(ID) E(ID) D(ODI E(OD) F(DO) 6(OD)
A(ID) B 6(D) C(ID) D(ID) EIID) D 0OD) E(DD) F(00) 6 IDD)
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Statistical evaluation. Statistical analy-
ses were carried out using the F-test and t-
test as described by Snedecor and Cochran
(30); p<0.05 was considered significant.
Results
Coal is usually the most important energy
source in residential areas, especially in
many rural residential areas in China. The
residents in rural areas use coal-burning
stoves with or without chimneys. Residents
use these stoves for cooking, heating, and
drying food for storage.
As shown in Figure 1A, SPM concen-
trations in the farmhouse that used a stove
without chimney (B) were substantially
higher than SPM concentrations measured
in farmhouses that used stoves with chim-
neys (A,C,D,E). Hourly concentrations of
SPM varied considerably. Average concen-
trations of SPM in indoor air (ID) were
significantly higher than SPM concentra-
tions in outdoor (OD) environment sam-
ples. Size distributions ofairborne particles
in indoor and outdoor air were also moni-
tored as shown in Figure 1B and C. High
SPM concentrations were observed for fine
particles with aerodynamic diameters of
<2.0 pm.
From monitoring records ofthe instan-
taneous variation ofSPM concentrations in
the farmhouses, we observed that concen-
trations of SPM in indoor air varied con-
siderably as a function of time of day.
Measured concentrations were highest dur-
ing periods when cooking and heating
occurred. SPM concentrations in outdoor
air also varied greatly. High concentrations
were usually detected during late morning
and early evening at cooking time (data not
shown).
In fluorosis areas, domestic coal was
usually supplied by local mines in the vil-
lage or town. In the studied fluorosis area,
coal was supplied by two local mines and
was naturally contaminated by fluoride in
the surrounding soil layer. The fluoride
concentrations in coal from local mines
were as high as 559 mg/kg and 802 mg/kg.
The fluoride concentrations in the sur-
rounding soil layer were also as high as 592
mg/kg and 669 mg/kg.
As shown in Figure 2, indoor pollution
by airborne fluoride is very serious. In the
studied fluorosis area, the daily mean con-
centration ofairborne fluoride in indoor air
was 74.4 ± 12.9 pg/m3 [mean ± standard
deviation (SD)]. Because airborne fluoride is
easily absorbed in food that is being dried
for storage, contaminated food represents a
significant source of exposure to high con-
centrations of fluoride. Significant fluoride
exposure of the residents was caused by the
intake of fluoride-contaminated food such
as corn and chilies, as shown in Figure 3.
The concentrations of fluoride in contami-
nated foods were very different from farm to
farm. The concentrations offluoride in corn
and chilies were 70.2 ± 26.5 mg/kg dry
weight and 367.5 ± 428.5 mg/kg dryweight
(mean ± SD), respectively.
To analyze food consumption and fluo-
ride contamination in food, the main sources
of fluoride in residents in the fluorosis area
were calculated as summarized in Tables 1
and 2. Total daily doses of fluoride were as
high as 49.16 ± 45.49 mg/day/person.
Almost 97% ofthe fluoride dose came from
food consumption. Around 2% of the total
fluoride dose was from direct inhalation of
airborne fluoride.
To evaluate total exposure of fluoride,
the concentrations offluoride in urine were
measured in residents of fluorosis and non-
fluorosis areas in China and in the rural area
in Japan, as shown in Figure 4. The concen-
trations ofurinary fluoride in male residents
in the fluorosis area (32.6 ± 18.6 pM
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Figure 2. The daily concentration change of airborne fluoride. Abbreviations: ID, indoor air in five farm-
houses; B, used a stove without a chimney; A,C,D, and E, used stoves with chimneys; OD, outdoor envi-
ronment.
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Figure 3. Total daily dose of fluoride in farm families in fluorosis and nonfluorosis areas in China.
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Table1. Concentrations offluoride in coalandsurrounding soil, and main sourcesoffluoride intakefromwater, air,andfood infarmfamiliesinthefluorosisarea in China
Main sources offluoride
Wheat Chilies
mg/kg mg/d/p mg/kg mg/d/p
1.60 0.19 189.2 0.19
1.60 0.22 217.2 1.09
1.60 0.11 203.2 8.17
1.60 0.66 98.4 13.77
1.60 0.43 1129.6 5.65
1.60 0.32 367.5 5.77
- 0.22 428.5 5.54
Total
Vegetables intake
mg/kg mg/dip mg/d/p
1.21 0.37 10.22
1.21 0.05 20.75
1.21 0.19 37.13
1.21 1.99 52.40
1.21 0.83 125.32
1.21 0.69 49.16
- 0.79 45.49
Abbreviations: mg/dip, mg/day/person; mg/kg,mg/kg dryweight; SD, standard deviation.
'Families 1-5 inthis area.
Table2.Concentrations offluoride incoal andsurrounding soil,and main sourcesoffluoride intakefromwater,air,andfood infarmfamiliesinthe nonfluorosis area in China
Main sources offluoride
Coal
(mg/kg)
Mean 152.01
SD -
Drinking water
mg/lI mg/d/p
0.57 1.14
0.01 0.02
Air
mg/m3 mg/d/p
0.0048 0.057
0.0013 0.016
Rice
mg/kg mg/d/p
1.26 0.752
0.37 0.361
Chili and vegetables intake
mg/kg mg/d/p mg/d/p
1.68 0.154 2.11
- 0.017 0.35
Abbreviations: mg/d/p, mg/day/person; mg/kg, mg/kg dryweight; SD, standard deviation.
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Figure 4. The concentrations of fluoride in urine of
the residents in the fluorosis (male, n = 53; female, n
26) and nonfluorosis (male, n = 26; female, n = 50)
areas in China and in a rural area in Japan (male, n
36; female, n = 38). Each value represents the
mean and standard deviation of urinary fluoride.
"Values were significantly different from values of residents in the
nonfluorosis area in China and in the rural area in Japan lp<0.001ll.
fluoride/mM creatinine; mean ± SD) were
more than 10 times higher than those in
male residents in the nonfluorosis area (3.02
± 1.19 pM fluoride/mM creatinine) and in
male residents in Japan (3.05 ± 2.05 pM
fluoride/mM creatinine). The concentra-
tions of urinary fluoride in female residents
in the fluorosis area (23.3 + 16.3 pM fluo-
ride/mM creatinine) were more than 4 times
higher than in female residents in the non-
fluorosis area (4.00 ± 2.33 pM fluoride/mM
creatinine) and in female residents in Japan
(4.89 ± 3.37 pM fluoride/mM creatinine).
Because fluoride pollution in indoor air
in the fluorosis area in China is very serious,
the prevalence of dental fluorosis and skeletal
fluorosis is extremely high. Dental fluorosis
patients showed slight to severe mottling of
Figure 5. Diagnosis of dental fluorosis of grade 3-4 in a 13-year-old female (left) and of serious dental flu-
orosis of grade 4 in a 13-year-old male (right) in the studied fluorosis area in China.
teeth; enamel surfaces of the teeth were
affected as shown in Figure 5. Almost all ele-
mentary and junior high school students
10-15 years of age in this fluorosis area had
dental fluorosis (99.5%; 212 cases/213 stu-
dents) whereas there were no dental fluorosis
patients in the nonfluorosis area in China or
in the rural area inJapan.
According to the grand population
health survey in the studied fluorosis area,
an age-dependent increase ofprevalence on
skeletal fluorosis patients was observed
(Fig. 6). The prevalence ofskeletal fluorosis
was 42.10% (2,455 cases/5,831 surveyed
residents). Skeletal fluorosis patients in this
area were diagnosed using an X-ray analyz-
er. Osteosclerosis was very serious in the
skeletal fluorosis patients, and the density
ofvarious bones, such as the forearm, lower
limb, vertebrae, and the pelvis, increased
remarkably (Fig. 7) .
The skeletal fluorosis patients diagnosed
as stage 1, 2, and 3 using the diagnostic cat-
egories of Singh and Jolly (31) were 6%
(3/49), 6% (3/49), and 88% (43/49),
respectively. Twenty nine percent of the
osteosclerosis patients also showed marble
bones syndrome in the pelvis.
The biochemical and nutritional effects
on bone metabolism were evaluated by
analyzing urinary parameters and the epi-
demiological data ofresidents. As shown in
Figure 8, urinary deoxypyridinoline, a sig-
nificant biochemical marker of bone
resorption, was much higher in the resi-
dents of both studied areas in China than
in the rural residents inJapan. The concen-
trations of urinary inorganic phosphate
were also significantly lower in the resi-
dents in the fluorosis area ofChina than in
the nonfluorosis area and in the rural area
in Japan (data not shown).
Discussion
Combustion ofcoal as an energy resource is
one of the major sources of SPM, gaseous
pollutants, and some hazardous toxicants in
many countries, including China (5,6,11).
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2
3
4
5
Mean
SD
Coal Soil
(mg/kg) (mg/kg)
559.0 592.5
559.0 592.5
802.5 660.0
802.5 660.0
559.0 592.5
656.4 619.5
133.4 37.0
Drinking water
mg/I mg/d/p
0.13 0.26
0.13 0.26
0.28 0.56
0.28 0.56
0.13 0.26
0.19 0.38
0.08 0.16
Air
mg/m3 mg/d/p
0.075 0.91
0.084 1.02
0.053 0.65
0.085 1.03
0.075 0.91
0.074 0.90
0.013 0.15
Corn
mg/kg mg/d/p
51.45 7.20
62.27 17.44
109.95 25.29
44.64 24.55
82.75 113.30
70.21 37.56
26.48 42.96
Potatoes
mg/kg mg/d/p
24.0 1.10
24.0 0.67
24.0 2.16
24.0 9.84
24.0 3.94
24.0 3.54
- 3.74
Soil
(mg/kg)
285.0
35.0
- - - -
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Airborne fluoride from the combustion of
high fluoride-content coal is one of the
most hazardous air pollutants and has seri-
ous impacts on human health (16,17).
In China, coal, coal gas, and natural gas
are used as domestic fuel energy sources. The
highest concentrations ofairborne pollutants
were observed in indoor air ofcoal-burning
families (13). In some rural areas in China,
high fluoride-contaminated coal, which is
produced by local mines, is used as a main
fuel energy source. As a result, hazardous air
pollutants such as SPM and fluoride are sig-
nificantly higher in the combustion exhaust
emissions from this high fluoride-content
coal (14). In this study, the highest concen-
trations of SPM and fluoride were observed
in indoor air during periods ofcooking and
heating. Daily mean concentrations (± SD)
ofSPM and fluoride in indoor air were 712
± 648 pg/m3 and 74.4 ± 12.9 pg/m3, respec-
tively.
Airborne fluoride is one of the most
hazardous pollutants in fuel combustion
exhaust emissions and industrial waste
exhaust emissions in the world. Because
high concentrations ofairborne fluoride are
generated by burning high fluoride-content
coal, it is estimated that approximately 18
million dental fluorosis cases and 1,080,000
skeletal fluorosis cases may be caused by air-
borne fluoride in China (17). In these fluo-
rosis areas, domestic coal is usually supplied
by local mines and is naturally contaminat-
ed by fluoride in soil layers surrounding the
coal seams. In the studied fluorosis area, the
concentrations of fluoride in coal supplied
by two local mines were very high (559
mg/kg and 802 mg/kg); therefore, the prob-
ability of fluoride pollution resulting from
coal combustion in indoor air and personal
exposure to high concentrations offluoride
is also extremely high.
Fluoride in indoor air is directly
inhaled by residents. Moreover, airborne
fluoride is easily absorbed by foods that are
being dried for storage, such as corn,
chilies, and potatoes. In the studied area,
the concentrations of fluoride in water,
which was supplied by two local water
sources, were very low (0.13 mg/1 and 0.28
mg/1) compared to concentrations of air-
borne fluoride (74.4 ± 12.9 mg/m3).
The contamination offluoride absorbed
in corn, wheat, chilies, potatoes, and vegeta-
bles was extremely high, and the daily mean
intakes of fluoride from these foods were
37.6 mg, 0.32 mg, 5.77 mg, 3.54 mg, and
0.69 mg per person, respectively. The resi-
dents ingested these fluoride-contaminated
foods every day. In the studied area, 97% of
fluoride exposure was due to the ingestion
of food and only 2% was from direct
inhalation offluoride.
In some areas of the world, including
the United States, water fluoridation has
been used as an effective and very cheap
method to prevent dental caries (15). In the
studied fluorosis area, there were no stu-
dents with dental caries (0 cases/213 stu-
dents). However, exposure to excess fluoride
is very dangerous for human health and has
caused serious dental and skeletal fluorosis.
Because urinary fluoride is the most
important indicator ofpersonal exposure, it is
possible to evaluate the risk ofenvironmental
fluoride on human populations (15,16). The
concentrations ofurinary fluoride in the resi-
dents in the fluorosis area in China were
much higher than in residents in thenonfluo-
rosis area in China and in the rural area in
Japan.
The personal exposure to fluoride was
very serious; thus, the prevalence offluorosis
wasextremelyhigh.Almostall elementaryand
juniorhighschoolstudents 10-15 years ofage
in the fluorosis area suffered dental fluorosis
(99.5%), whereas therewere no dental fluoro-
sis patients in the nonfluorosis area in China
andin therural areainJapan.
Fluoride directly stimulates bone forma-
tion in vivo and also stimulates fluoroapatite
formation (18-20). Because serious fluoride
pollution has caused skeletal fluorosis, it is
necessary to analyze bone metabolism ofthe
residents in the fluoride-polluted areas. In
the studied fluorosis area, the grand popula-
tion health survey determined that the
prevalence of skeletal fluorosis was 42.10%
in the residents. Using an X-ray analyzer, 49
skeletal fluorosis patients in this area were
diagnosed in detail. Eighty-eight percent of
skeletal fluorosis patients had serious
osteosclerosis and were diagnosed as having
stage 3 ofthe disease according to the cate-
gories ofSingh andJolly (31).
The concentrations ofurinary inorganic
phosphate in the residents in China were
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Figure 6. Age-dependent increase in prevalence of skeletal fluorosis patients in the studied fluorosis area
in China.
Figure 7. Osteosclerosis of the forearm (left) and vertebrae and ribs
(right) of skeletal flilorosis patients in the studied fluorosis area in
China after radiological examination using an X-ray analyzer.
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Figure 8. Concentrations ofurinary deoxypyridino-
line (DPD) of the residents in the fluorosis (male,
n = 53; female, n = 26), and nonfluorosis areas in
China (male, n= 26;female, n=50) and inthe rural
area in Japan (male, n = 36; female, n = 38). Each
value represents mean ± standard deviation of
urinaryfluoride.
**Values were significantly different from values of rural residents
in Japan (p<0.OO1).
significantly lower than those in the healthy
residents in Japan. The biochemical effect
of fluoride exposure was evaluated by ana-
lyzing urinary parameters and epidemiolog-
ical data ofresidents. In the residents living
in the studied areas in China, urinary
deoxypyridinoline, asignificant biochemical
marker of bone resorption (27-29), was
much higher than that in the healthy resi-
dents in Japan. In our animal experiments,
fluoride directly stimulates bone resorption
and excretes higher urinary deoxypyridino-
line in vivo (data notshown).
Recent epidemiological and experimen-
tal reports have suggested that there are
almost no steady relationships between flu-
oride exposure and bone strength (21-25).
Lee and Hanson (32) reported that bone
qualitywas slightly improved by a low dose
offluoride, whereas it was markedly deteri-
orated by high dose. In this study, bone
resorption was extremely stimulated in the
residents in China. Grynpas (26) reported
that fluoride directly stimulates fluoroap-
atite formation. In our animal experiment,
high concentrations of fluoride stimulated
both bone resorption and bone formation
in vivo (data not shown). Because serious
fluoride pollution caused osteosclerosis
(33), fluoride may stimulate both bone
resorption and bone formation. Further
study is necessary to analyze bone resorp-
tion and bone formation in the residents in
fluoride-polluted areas.
In the studied area, the skeletal fluoro-
sis patients and residents did not have seri-
ous abnormalities of kidney function or
respiratory function. As a result offluoride
exposure, the concentrations of urinary
inorganic phosphate were significantly
lower in the residents in the fluorosis area
than in the nonfluorosis area in China and
in the rural residents inJapan.
In indoor air ofcoal-burning families in
China, the concentration of fine particles
(aerodynamic diameters <2 pm) was
markgdly high. Because respiratory absorp-
tion and aerial diffusion are markedly dif-
ferent according to aerodynamic diameter
of particles (34), it is necessary that fine
particles and coarse particles (diameter
ranges between 2 and 10 pm) should be
monitored separately.
Because indoor fluoride exhausted by
combustion processes of coal is easily
absorbed in stored food and food con-
sumption is a main source offluoride expo-
sure, airborne fluoride and food contami-
nation should be reduced to prevent seri-
ous fluorosis in China.
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